25, 50 and IOO pg pantothenic acid. pantothenic acid.
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CYNTHIA D. COMBRIDGE AND ALICE M. COPPING '957 the liver, kidney, duodenum, heart and both adrenal glands were placed, in that order, in fixing fluid. Liver, kidney and one adrenal gland were fixed in 10% (v/v) formaldehyde in 0-9 yo NaC1, and frozen sections of each were stained with Sudan 111. The liver and kidney were counterstained with iron haematoxylin. T h e remaining adrenal gland, the heart and duodenum were fixed in Susa's fluid and stained with Scott's haematoxylin and dilute Biebrich scarlet. Unfortunately, it was not possible to weigh the adrenal glands or other organs.
RESULTS
The heart, duodenum, liver and kidney showed no gross changes in histological structure that could be related to the doses of pantothenic acid. The livers of one or two rats in each group showed small amounts of fat in the cells of the portal region. It was presumably due to the diet consumed shortly before death and in no way related to the pantothenic-acid content of the diet. The adrenal glands, however, did show changes in the pantothenic acid-deficient group and in the group receiving a small curative dose. The sections of some adrenal glands showed an enlarged zona glomerulosa. Most of such glands were found to belong to rats having no dose of pantothenic acid or a small restorative dose after deprivation for 7-1 I weeks. A small amount of haemorrhage was observed also in the adrenal glands of some rats, stained with haematoxylin and dilute Biebrich scarlet. The distribution of haemorrhagic adrenal glands was as follows: seven out of nine pantothenic acid-deficient rats, three out of eight rats having 25 pg after previous deprivation, one or two out of each group of eight rats of other groups.
I n the sections of adrenal glands stained with Sudan 111, there was an increase in the amount of lipid in the zona glomerulosa of rats deprived of pantothenic acid (Pl. I). I n rats deprived of pantothenic acid for 7-1 I weeks and then given a curative dose of 25 pg for 4 weeks there were increased amounts of lipid in both the zona glomerulosa and the zona fasciculata of the cortex (Pl. I).
No differences were observed between males and females in any organ studied.
DISCUSSION
The absence of lipid in the livers of the pantothenic acid-deficient rats of the present series is in agreement with the findings of other workers (Morgan, 1951, p. 189). This finding is, however, different from that of the centrilobular accumulations of lipid in the livers of pyridoxine-deficient rats (Combridge, 1956).
T h e changes in the adrenals of our animals should be compared with the results of Ashburn, Daft & Faulkner (1947) on pantothenic-acid deficiency. They found marked depletion of cortical lipids, occasionally with haemorrhage and necrosis of the adrenals. Our experiments confirm the occurrence of adrenal haemorrhage in pantothenic-acid deficiency, but show increased, not decreased, amounts of lipid in the zona glomerulosa of the adrenal cortex. The blood picture observed by Blunt et al. (1957) differed from that described by Ashburn et al. (1947) ) so that it is not surprising to find histological pictures differing also. T h e differences may be due to differences in
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the diets used, notably the lack of folic acid and vitamin B,, in the purified diet of Ashburn et al.
The rats of Deane & McKibbin (1946) also showed a rapid and complete loss of sudanophil lipids from the zona fasciculata as pantothenic-acid deficiency progressed, as well as signs of haemorrhage. Their diets were deficient in folic acid, biotin and vitamin BIZ, however, and are therefore not strictly comparable with those used in our experiments.
The increased amounts of lipid seen in the zona glomerulosa of our pantothenic acid-deficient rats and those given a small curative dose may indicate increased manufacture or storage of aldosterone, deoxycorticosterone or a precursor such as cholesterol. Studies by Winters, Schultz & Krehl (195za, b) of adrenal cortical function in rats deprived of pantothenic acid suggested the importance of pantothenic acid as part of coenzyme A in the biosynthesis of steroid hormones in the adrenal gland. A possible explanation of the accumulation of lipids in the zona glomerulosa might be a mobilization of available resources to meet the stress of deprivation of the essential component of the coenzyme system.
The marked increase of sudanophilic lipid in the zona fasciculata in rats deprived of pantothenic acid for 7-11 weeks and then given 25 pg daily for 4 weeks could indicate an increased manufacture or storage of cortisone or a related substance. The lack of lipid in the zona fasciculata in deprived rats may be due to decreased stores of cortisone. This finding would agree also with that of Winters et ul. (1952U) . T h e solution of the problem requires simultaneous study of functional and histological changes in the adrenal cortex. The adrenal glands of pantothenic acid-deficient rats differed markedly from those of pyridoxine-deficient rats of the same strain. I n pyridoxine-deficient rats an increased content of lipid was found in the zona fasciculata, whereas that of the zona glomerulosa was unchanged (Combridge, 1956). The two markedly different sets of findings would seem to refute the suggestion that the inanition resulting from a deficient diet was the cause of the adrenal changes in both series, since both pantothenic acid-deficient and pyridoxine-deficient rats were suffering from extreme inanition.
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CYNTHIA D. COMBRIDGE AND ALICE M. COPPING I957 2. Marked changes were seen only in the adrenal glands, where the size and lipid content of the zona glomerulosa were increased in rats totally deprived of pantothenic acid and in those having small curative doses. Increased lipid was found also in the zona fasciculata of the animals recovering from deprivation. These changes are contrasted with those seen in the adrenal glands of pyridoxine-deficient rats.
